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Sub-dominant component is hidden?
• Conventionally, sub-dominant DM components are thought to be 

hidden in direct/indirect detection experiments: observables ∝ fraction 

• The dominant relics might be safe from the experiments so far if it 
communicates with the SM sector through the sub-dominant relic? 

• Question is how the amount of the sub-dominant relic is determined. 
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!0!0 → !1 !1

Observe !1 scattering off target with E1 > Eth 
(indirect detection of !0)

• !0 : accumulated              
       (GC,   Sun,   dSphs) 

• !0!0 → !1 !1 (current universe) relativistic

※ relic !1 is non-relativistic

Reference: Multi-component BDM
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Assume: NFW

Fixed ~ 1 if s-wave annihilation dominates (throughout this work for simplicity)

10,000 times smaller than the flux of atmospheric " if m0 ~ 100 GeV 
Kim, Park , SS, 

PRL 2017

Agashe et al., 
JCAP 2014

comparable if m0 ≲ 1 GeV
Giudice, Kim, Park , SS, PLB 2018



Structure of !1!1→ SM
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Assumption: !0!0 → !1!1 is #-wave & the mediator !1 - SM is heavier than !1.
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After the heavy component !0 freezes-out

where
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• If $ast. is negligible, !1 freezes out at T ~ m1/20 as usual.

• If the fraction of !1 is very small, i.e., r1 ≪ 1, however, departure from 

thermal equilibrium is delayed and $ast. is non-negligible compared to          
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(%!0-!1 < %!1-SM)�

Structure of !1!1→ SM
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When !1!1→ SM is dominated by s-wave

• The annihilation cross section !1!1 → SM is enhanced by 1/r1 2.

Structure of !1!1→ SM
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When !1!1→ SM is dominated by p-wave
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• For r1 ≪ 1,        is lifted-up even more by $ast. until T ~ m1/80 

    (the contribution by p-wave !1!1 → SM gets relatively suppressed.)
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• The annihilation cross section !1!1 → SM increases as 1/r1 3 so the 
process can be also sensitive to various observables.

Structure of !1!1→ SM
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• For a fixed r1 ≪ 1, !1!1→ SM should be even larger to deplete the 

contribution by the residual annihilation !0!0 → !1!1 ($ast.).      

• We find                                 for s-wave and p-wave, respectively.     
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• Big Bang Nucleosynthesis: photo-dissociation of light elements 
                             e.g., ()* → (′)′  changes the ratio of D, 3He, 4He, .. 

• Cosmic microwave background: Neff if !1 freeze-out at T ≲ T+,dec, 

           Energy injection by !1!1 → SM at the recombination epoch     

• Diffuse X-rays and )-rays in the Milky Way 

• Direct detection if the crossing symmetry is effective. 
                              (depending on the model)

Effects of !1 to various observables

Sub-component DM can be not hidden and !1!1 → SM affect



Effects of !1 to various observables

• For s-wave dominant !1!1→ SM SM, the nominal constraints directly 
apply because                                             : s-wave not preferred! 
 
    (preconception:                                 is not true!) 

• For p-wave dominant !1!1→ SM SM, the nominal constraints can be 
weaken by velocity suppression but its effect can be small since
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m�1 > m�0
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CMB bound (sky blue): disfavor the 
whole parameter space

,eff (green): almost independent of '1

Galactic diffuse -/)-ray (deep blue)

Direct detection bound (brown): 
           XENON10, 100, DarkSide-50
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Forget s-wave! 
for m!0 ≲ .(sub-GeV)



Effects of !1 to various observables

• For s-wave dominant !1!1→ SM SM, the nominal constraints directly 
apply because                                             : s-wave not preferred! 
 
    (preconception:                                 is not true! ) 

• For p-wave dominant !1!1→ SM SM, the nominal constraints can be 
weaken by velocity suppression but its effect can be small since
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Unprecedented role of a sub-dominant DM component

!1 - !1  
self-interaction



Self-heating of !1 
• Self-interacting DM models have been proposed actively recently.

• Self-interaction of a subdominant DM !1 can be large for the /(1) dark 
sector coupling.

• Self-interactions always exist. The question is how efficient they can 
transfer energy long after the freeze-out (not effective for WIMP).
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Self-heating of !1 
• Self-interacting DM models have been proposed actively recently.

• Self-interaction of a subdominant DM !1 can be large for the /(1) dark 
sector coupling.

• Self-interactions always exist. The question is how efficient they can 
transfer energy long after the freeze-out (not effective for WIMP).
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Temperature evolution of !1 

Tdec,selfTmin
r1 = 0.1

r1 = 3⇥ 10�3

Photo-dissociation CMB
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Kamada, Kim, Park, SS, 
JCAP 10, 052 (2022)

Kinetic decoupling of !1 (from the SM) 
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��1��1 ⇠ H

• If self-heating is efficient even after the kinetic decoupling, the temperature 
evolution of !1 makes it behave like a radiation.

Full numerical 
sol. ≃ analytic sol.



Temperature evolution of !1 

Tdec,selfTmin
r1 = 0.1

r1 = 3⇥ 10�3

Photo-dissociation CMB
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r1 = 1⇥ 10�2

• Strong photo-dissociation bounds for 100 eV ≲ T ≲ 10 keV after BBN

• For r1 ≳ 0.07, the self-heating epoch can persist even until the matter-
radiation equality.

!1 can be sub-GeV Warm Dark Matter!!
.[OCP�0
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Kamada, Kim, Park, SS, 
JCAP 10, 052 (2022)



New bounds due to self-heating

• Direct detection bounds get weaken since 1!1 inside our MW 
decreases due to the kinetic energy of !1

• WDM constraint enters when r1 ≳ 0.07 even for m!1 ~ 40 MeV.

• ★: reference values of r1 in the temperature evolution (previous slide)

Kamada, Kim, Park, SS, JCAP 10, 052 (2022)



Complementary searches
Light DM can be produced in accelerators with high intensities!

• Reference model: 
singlet scalar DM + 
dark photon (p-wave)

• Green: Neff,  
    Pink: WDM 
    for r1 ≳ 0.07.

• Future discovery 
can tell the dark 
sector details.

• For r1 ≲ 0.07, not 
preferred by the 
accelerator results.

Kamada, Kim, Park, SS, JCAP 10, 052 (2022)



Conclusions

• A sub-component DM (!1) can severely affect the cosmo/astro 

observables: p-wave !1 - SM is preferred but still constrained!. 
(Multi-component p-wave scenarios are not always safe.) 

• Self-heating naturally arises in a wide range of parameter space and 
changes the evolution of the temperature of !1 after the freeze-out.  

• The temperature evolution affects the structure formation of !1:  
       a sub-GeV mass Warm Dark Matter (heavy WDM) for r1 ≳ 0.07! 
   → This is true even when !1 is a dominant component DM. 

• Complementary searches in accelerators can give hints on the dark 
sector details (disfavor r1 ≲ 0.07 for a reference model).
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